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ROTARY DRILL BIT COMPENSATING FOR 
CHANGES IN HARDNESS OF GEOLOGICAL 

FORMATIONS 

This application is a continuation-in-part application of 
Ser. No. 09/192,248 having the ?ling date of Nov. 16, 1998 
Which is entitled “ROTARY DRILL BIT COMPENSATING 
FOR CHANGES IN HARDNESS OF GEOLOGICAL 
FORMATIONS” that is to issue as US. Pat. No. 6,547,017 
on the date of Apr. 15, 2003, an entire copy of Which is 
incorporated herein by reference. 

Ser. No. 09/192,248 is a continuation-in-part application 
of Ser. No. 08/825,575 having the ?ling date of Mar. 31, 
1997 Which is entitled “MONOLITHIC SELF SHARPEN 
ING ROTARY DRILL BIT HAVING TUNGSTEN CAR 
BIDE RODS CAST IN STEEL ALLOYS” that issued as 
US. Pat. No. 5,836,409 on the date of Nov. 17, 1998, an 
entire copy of Which is incorporated herein by reference. 

Ser. No. 08/825,575 is a continuation application of Ser. 
No. 08/664,791 having the ?ling date of Jun. 17, 1996 Which 
is entitled “MONOLITHIC SELF SHARPENING 
ROTARY DRILL BIT HAVING TUNGSTEN CARBIDE 
RODS CAST IN STEEL ALLOYS” that issued as US. Pat. 
No. 5,615,747 on the date ofApr. 1, 1997, an entire copy of 
Which is incorporated herein by reference. 

Ser. No. 08/664,791 is a ?le-Wrapper-continuation appli 
cation of an earlier application Ser. No. 08/301,683 having 
the ?ling date of Sep. 7, 1994 Which is entitled “MONO 
LITHIC SELF SHARPENING ROTARY DRILL BIT HAV 
ING TUNGSTEN CARBIDE RODS CAST IN STEEL 
ALLOYS”, and Ser. No. 08/301,683 is noW abandoned, an 
entire copy of Which is incorporated herein by reference. 

Applicant claims priority from the above US. patent 
application Ser. No. 09/192,248 having the ?ling date of 
Nov. 16, 1998. Applicant also claims priority from US. 
patent application Ser. No. 08/825,575 having the ?ling date 
of Mar. 31, 1997. Applicant further claims priority from US. 
patent application Ser. No. 08/664,791 having the ?ling date 
of Jun. 17, 1996. Still further, applicant claims priority from 
US. patent application Ser. No. 08/301,683 having the ?ling 
date of Sep. 7, 1994. 

Portions of this application have been disclosed in US. 
Disclosure Document No. 445,686 ?led With the United 
States Patent and Trademark Of?ce on Oct. 11, 1998, an 
entire copy of Which is incorporated herein by reference. 

This application further relates to disclosure in US. 
Disclosure Document No. 451,044, ?led on Feb. 8, 1999, 
that is entitled ‘RE: —Invention Disclosure— “Drill Bit 
Having Monitors and Controlled Actuators’”, an entire copy 
of Which is incorporated herein by reference. 

This application further relates to disclosure in US. 
Disclosure Document No. 452,648 ?led on Mar. 5, 1999 that 
is entitled ‘RE: “—Invention Disclosure— Feb. 28, 1999 
One-Trip-DoWn-Drilling Inventions Entirely OWned by 
William Banning Vail III’”, that has the “Subjects” of 
‘Additional Comments on Invention Disclosure Dated Feb. 
8, 1999 entitled “Drill Bit Having Monitors and Controlled 
Actuators; the General Topic of the One-Trip-DoWn-Drill 
ing; and the Drilling of Extended Reach Lateral Wellbores”, 
an entire copy of Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The ?eld of the invention relates to an article of manu 

facture that is a long lasting rotary drill bit for drilling a hole 
into variable hardness geological formations that has at least 
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2 
one self-actuating compensation mechanism triggered by bit 
Wear that is responsive to the hardness of the geological 
formation to minimiZe the time necessary to drill a borehole 
using rotary drilling techniques typically used in the oil and 
gas drilling industries. The ?eld of the invention also relates 
to a long lasting rotary drill bit for drilling a hole into 
variable hardness geological formations that has a compen 
sating mechanism controllable from the surface of the earth 
to change the mechanical con?guration of the bit in the Well 
to minimiZe the time necessary to drill a borehole. The ?eld 
of invention further relates to an article of manufacture that 
is a drill bit possessing hard abrasive rods cast into steel, 
such as tungsten carbide rods cast into steel, that is used to 
drill holes into geological formations. The ?eld of invention 
also relates to a composition of matter comprised of tungsten 
carbide rods cast into relatively softer bit matriX materials, 
such an alloy steel, to make a self-sharpening drill bit as the 
bit Wears during drilling. The ?eld of invention further 
relates to the method using the drill bit having tungsten 
carbide rods cast in steel to drill holes into geological 
formations that relies upon the progressive eXposure of the 
tungsten carbide rods during the natural Wear and erosion of 
the softer steel alloy matriX material in the drilling bit Which 
results in the self-sharpening of the drill bit. The ?eld of 
invention further relates to the method of making a long 
lasting drill bit comprised of hard abrasive rods cast into 
steel that is self-sharpening upon the Wear of the drill bit 
during drilling operations. The ?eld of invention further 
relates to the method of making a long-lasting drill bit by 
pre-stressing mechanical elements comprising the drill bit 
that results in the eXpansion of the drill bit at its bottom 
during Wear of the drill bit thereby producing a constant 
diameter hole as the bit Wears. The ?eld of invention also 
relates to a method of making the self-sharpening drill bit 
that relies upon using hardened metal scrapers that become 
eXposed as the bit undergoes lateral Wear Which tend to 
produce a constant diameter hole as the bit Wears. And 
?nally, the ?eld of invention relates to a method of making 
the self-sharpening drill bit that relies upon the lateral drill 
bit Wear to uncover and eXpose neW mud channels that 
results in lateral mud ?oW Which in turn tends to produce a 
constant diameter hole as the bit undergoes lateral Wear. 

2. Description of Prior Art 
Other than the applications of the inventor previously 

cited above, at the time of the ?ling of the application herein, 
the applicant is unaWare of any art in the ?eld that is 
particularly relevant to the invention. 

HoWever, typical procedures used in the oil and gas 
industries to drill and complete Wells are Well documented. 
For eXample, such procedures are documented in the entire 
“Rotary Drilling Series” published by the Petroleum Exten 
sion Service, Division of Continuing Education, of The 
University of TeXas at Austin, Austin, TeX., that is included 
herein by reference in its entirety and Which is comprised of 
all of the folloWing: Unit I—“The Rig and Its Maintenance” 
(12 Lessons); Unit II—“Normal Drilling Operations” (5 
Lessons); Unit III—Nonroutine Rig Operations (4 Lessons); 
Unit IV—Man Management and Rig Management (1 Les 
son); and Unit V—Offshore Technology (9 Lessons). Entire 
copies of all Lessons of all Units of the “Rotary Drilling 
Series” are included in the speci?cation herein by reference. 
Further, entire copies of all of the individual Glossaries of all 
of the above Lessons of all the Units are eXplicitly included 
in the speci?cation herein, and all de?nitions in those 
Glossaries shall be considered to be explicitly referenced 
and/or de?ned herein. The inventor has several different 
editions of the “Rotary Drilling Series” in his possession, 
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and the most current edition of that “Rotary Drilling Series” 
available from the Petroleum Extension Service is also 
included herein in its entirety by reference. 

Additional procedures used in the oil and gas industries to 
drill and complete Wells are Well documented in the series 
entitled “Lessons in Well Servicing and Workover” pub 
lished by the Petroleum Extension Service, Division of 
Continuing Education, of The University of Texas at Austin, 
Austin, Tex., an entire copy of Which is included herein by 
reference that is comprised of all 12 Lessons. All 12 Lessons 
of the “Lessons in Well Servicing and Workover” are 
included in the speci?cation herein in their entirety by 
reference. All of the individual Glossaries of all of the above 
Lessons are explicitly included in the speci?cation herein 
and all de?nitions in those Glossaries shall be considered to 
be explicitly referenced and/or de?ned herein. The inventor 
has several different editions of the “Lessons in Well Ser 
vicing and Workover” in his possession, and the most recent 
edition of the “Lessons In Well Servicing and Workover” 
from the Petroleum Extension Service is also included 
herein in its entirety by reference. 

SUMMARY OF THE INVENTION 

The rotary drilling industry presently uses the folloWing 
types of drill bits that are listed in sequence of their relative 
importance: roller cone bits; diamond bits; and drag bits 
(please refer to page 1 of the book entitled “The Bit”, Unit 
1, Lesson 2, of the “Rotary Drilling Series”, Third Edition, 
published by the Petroleum Extension Service, Division of 
Continuing Education, The University of Texas at Austin, 
Austin, Tex., hereinafter de?ned as “Ref. 1”, and an entire 
copy of “Ref. 1” is included herein by reference, and 
furthermore, entire copies of all of the lessons, or volumes, 
in the entire “Rotary Drilling Series” are also included 
herein by reference as stated earlier). 

The early types of roller cone bits Were steel-toothed 
(milled) bits that are still in general use today (Ref. 1, FIG. 
7). The longest lasting generally available variety of roller 
cone bits are presently the tungsten carbide insert roller cone 
bits that have sealed, pressure compensated, bearings. Small 
tungsten carbide inserts are embedded in the rollers that are 
used to scrape and fracture the formation While the bit 
rotates under load. HoWever, there are a large number of 
rapidly moving parts in a tungsten carbide insert roller cone 
bit, including the bearings, Which make it relatively expen 
sive and prone to eventual failure. Further, the small tung 
sten carbide inserts in such bits eventually tend to fall out of 
the cones into the Well that results in the failure of the bits 

(Ref. 1, page 21). 
Under ideal operational conditions, the diamond bits can 

last the longest doWnhole (Ref 1, page 27). Even though the 
diamond bits can Wear, they have no rapidly moving parts 
such as bearings, ie., they are “monolithic”. For the purposes 
of this application the de?nition of “monolithic” shall be 
de?ned to be a one piece item that has no rapidly moving 
parts. (For the purposes herein, the very sloW deformation of 
mechanical parts due to interior stresses or due to mechani 
cal Wear shall not classify the part as a “moving part”.) 
Monolithic structure is a considerable design advantage over 
the tungsten carbide insert roller cone type bits Which have 
many rapidly moving parts. HoWever, a diamond bit costs 3 
to 4 times as much as an equivalent tungsten carbide insert 
roller cone bit (Ref. 1, page 27). The expense of the diamond 
bits are a major disadvantage to their routine use. 

The earliest drill bits Were a form of drag bit (Ref. 1, page 
35). Some modern drag bits have replaceable blades. These 
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4 
bits have no moving parts and are relatively inexpensive. 
These bits are still used today to drill relatively soft geo 
logical formations. 

All of the above drill bit designs provide for circulation of 
the mud from the drill string through the drill bit and into the 
Well. Roller cone bits have drilled Watercourses in a “regular 
bit” and ?uid passageWays in a “jet bit” (Ref. 1, pages 3—4). 
Diamond bits have typically “cross-pad” or “radial ?oW” 
Watercourses (Ref. 1, pages 27—29). Drag bits can have a 
modi?ed “jet bit” type Watercourse (Ref. 1, page 36). 
When any of the present drill bits are brand neW and 

unused, many of the above drill bit designs provide various 
methods to minimiZe “undergauging” Wherein a smaller 
hole is drilled than is desired (Ref. 1, page 19). Sending a 
fresh bit into an undergauged hole can result in “jamming” 
or other signi?cant problems (Ref. 1, page 1). When the bits 
are neW, many of the various designs provide a relatively 
controlled inside diameter of the Well and also prevent the 
tool from being stuck or “jammed” in the Well. The outer 
teeth on the cones of a roller cone drill bit (“gauge teeth” or 
“gauge cutters”) determine the inside diameter of the hole 
and prevent sticking or jamming of the bit (Ref. 1, pages 8 
and 19). The oversiZe loWer portion of the diamond bit 
determines the inside diameter of the hole and prevents 
sticking or jamming of the bit. The loWer ?ared taper on the 
drag bits determine the inside diameter of the hole and 
prevents sticking or jamming of the bit. 

HoWever, as any Well is drilled, the roller cone bits, the 
diamond bits, and the drag bits undergo Wear toWards the 
ends of the bit. In this application, the de?nition of “longi 
tudinal” shall mean along the axis of the bit—i.e., in the 
direction of hole being drilled at any instant. Therefore, the 
roller cone bits, the diamond bits, and the drag bits all 
undergo longitudinal Wear during drilling operations. As the 
bit undergoes progressive longitudinal Wear, the drill bit 
becomes dull, and the drilling rate of penetration (feet per 
hour) sloWs. The bit can undergo Wear to the point that it 
ultimately fails. Put simply, the roller cone bits, the diamond 
bits, and the drag bits become progressively duller and 
Wear-out during drilling. The drilling industry instead 
desires long-lasting, self-sharpening drill bits. In this appli 
cation the de?nition of “long-lasting” shall mean a drill bit 
that tends to self-sharpen under use. In this application, the 
de?nition of self-sharpen shall mean any drill bit that tends 
to compensate for longitudinal Wear during drilling opera 
tions. The roller cone bits, the diamond bits, and the drag bits 
do not provide intrinsic self correcting means to produce a 
self-sharpening drill bit as the drill bit undergoes Wear. The 
de?nition of the term “longitudinal compensation means” 
shall mean any means that tends to produce a self-sharpen 
ing bit as the bit undergoes longitudinal Wear. Put simply, the 
roller cone drill bits, the diamond drill bits, and the drag bits 
do not provide longitudinal compensation means to com 
pensate for the longitudinal Wear of the drill bit during 
drilling operations. 
As any Well is drilled, the roller cone bits, the diamond 

bits, and the drag bits undergo Wear on the sides of the bits. 
In this application, the de?nition of lateral shall mean the 
“side of” the bit—i.e., in a plane perpendicular to the 
direction of hole being drilled at any instant. Therefore, the 
roller cone bits, the diamond bits, and the drag bits all 
undergo lateral Wear during drilling operations. As a roller 
cone bit, diamond bit, or drag bit undergoes progressive 
lateral Wear, the bit drills a tapered hole that is undesirable 
in the industry. The industry instead desires a “constant 
diameter hole” or constant “gauge” hole. In this application, 
the de?nition of “gauge” shall mean the inside diameter of 
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the hole. The roller cone bits, the diamond bits, and the drag 
bits do not provide intrinsic self correcting means to produce 
a constant diameter or gauge hole as the bit undergoes lateral 
Wear. The de?nition of the term “lateral compensation 
means” shall mean any means that tends to produce a 
constant diameter or gauge hole as the bit undergoes lateral 
Wear. Put simply, the roller cone drill bits, the diamond drill 
bits, and the drag bits do not provide lateral compensation 
means to compensate for the lateral Wear of the drill bit 
during drilling operations. 

All the various different types of commercially available 
bits described above Wear during drilling activities. All other 
parameters held constant, as the bits Wear during drilling, the 
Worn bits tend to sloW the drilling process and the Worn bits 
produce a smaller diameter hole as the bits Wear. The 
industry Would prefer a bit that does not become dull With 
use—ie, that “self-sharpens” during drilling. The industry 
Would prefer a bit that produces a constant gauge hole during 
drilling in spite of any Wear on the bit. This application 
addresses the industry needs for a self-sharpening drill bit 
that drills relatively constant gauge holes. 
An article of manufacture is described herein that com 

bines many advantages of the above basic three types of 
drilling bits into one neW type of drilling bit. Several 
preferred embodiments of the invention describe a neW bit 
that is a one-piece monolithic structure that has no rapidly 
moving parts that therefore has the inherent advantages of 
the diamond bit and of the drag bit. That neW bit uses 
individual tungsten carbide rods cast into steel Which pro 
vides some of the bottom cutting action of the bit. Such a bit 
has the cost advantage of tungsten carbide insert roller cone 
bits in that relatively inexpensive tungsten carbide materials 
are used for fabrication of the neW bit instead of expensive 
diamonds. Further, the long tungsten rods tend not to fall out 
of the neW drill bit Whereas the diamonds can fall out of the 
diamond bit (Ref. 1, page 35) and the tungsten carbide 
inserts can fall out of the tungsten carbide insert roller cones 
(Ref. 1, page 21). Lost tungsten carbide inserts can cause 
great dif?culties during the drilling process (Ref. 1, page 
21). Lost diamonds from a diamond bit can cause great 
problems during drilling (Ref. 1, page 35). Therefore, the 
fact that the relatively long tungsten carbide rods in the 
preferred embodiments of the invention herein tend not to 
become dislodged and tend not to become lost in the Well is 
of considerable economic importance. 

The tungsten carbide rods become gradually and progres 
sively exposed on the bottom of the bit as the drill bit Wears 
While drilling the Well thereby providing a self-sharpening 
of the drill bit. The bit Wears under the separate in?uences 
of the abrasive rock present and the abrasive nature of 
drilling mud or other drilling ?uids. The tungsten carbide 
rods are eroded at a sloWer rate than the alloy steel in Which 
it is cast. Broken ends of the tungsten carbide rods can 
actually speed the drilling process in analogy With certain 
phenomena observed With tungsten carbide insert roller cone 
bits (Ref. 1, page 20). Several hardened metal scrapers are 
also cast into the sides of the neW bit that act analogously to 
the blades of a drag bit Which provide some of the Wall 
cutting action. As the steel alloy matrix material of the bit 
erodes, these hardened metal scrapers become progressively 
more exposed that results in self-sharpening of the bit. 

It is also desirable that the bit produce a constant gauge 
hole as the bit Wears. Various different embodiments of the 
invention disclose different methods to accomplish this goal. 
HoWever, many of the different methods rely upon the Wear 
of the bit during drilling to cause physical changes in the 
drill bit that result in the compensation for lateral bit Wear. 
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A ?rst class of preferred embodiments of the neW bit 

provide for pre-stressed mechanical elements Welded 
together to form the monolithic drill bit Which naturally 
expand radially upon Wearing of the Welds on the bottom of 
the neW bit resulting in a loWer ?air, or “bell shape”, of the 
neW bit that in turn determines the inside diameter of the 
Well and that prevents sticking of the bit in the Well. The rods 
facing doWnWard in the ?rst class of preferred embodiments 
provide compensation for longitudinal bit Wear and the 
loWer ?air provides compensation for lateral bit Wear. A 
second class of preferred embodiments of the neW bit 
provide a single cast unit having tungsten carbide rods, no 
Welds, but extra lateral hardened metal scrapers to compen 
sate for lateral bit Wear. A third class of preferred embodi 
ments of the invention provide a single cast unit having 
tungsten carbide rods, feW Welds, but that are heat treated so 
that the bottom of the bit naturally radially expands upon 
Wear that provides compensation for lateral bit Wear to 
provide a relatively constant gauge hole during drilling. A 
fourth class of preferred embodiments of the invention 
provide a single cast unit having tungsten carbide rods, feW 
Welds, that has relatively lateral facing hardened metal 
scrapers that become exposed during the natural Wear of the 
bit Which tend to produce a constant gauge hole as the bit 
undergoes lateral Wear. A ?fth class of preferred embodi 
ments of the invention provides a single cast unit having 
tungsten carbide rods, feW Welds, that possess additional 
mud cavities that upon the natural Wear of the bit, open to 
the Well, causing lateral mud ?oW that produces a relatively 
constant gauge hole as the bits undergo lateral Wear. 
The neW bit has Watercourses similar to those of a 

diamond bit. The bit herein uses alternatively “cross-pad 
?oW” or “radial ?oW” type Watercourses discussed earlier. 
The fact that the neW drill bit can have a large length over 

diameter ratio, self-sharpens, and produces a relatively con 
stant gauge hole as the bit Wears results in a long-lasting drill 
bit that is of considerable importance to the drilling industry. 

Accordingly, an object of the invention is to provide neW 
articles of manufacture that are drill bits used to drill holes 
into the earth. 

It is another object of the invention to provide neW articles 
of manufacture that are drill bits Which use tungsten carbide 
rods cast into steel to produce long-lasting self-sharpening 
drill bits. 

It is yet another object of the invention to provide pre 
stressed mechanical elements Welded together to form a 
monolithic drill bit Which expand radially in the Well pro 
ducing a ?air on the bottom of the bit that determines the 
inside diameter of the Well and that is used to prevent 
jamming of the bit in the Well. 

It is another object of the invention to provide a neW 
composition of matter comprised of tungsten carbide rods 
cast into alloy steel to form a drill bit. 

Further, it is another object of the invention to provide 
neW methods of using the drill bit comprised of tungsten 
carbide rods cast into steel that results in a self-sharpening 
of the drill bit While the hole is being drilled. 

It is yet another object of the invention to provide a 
method to manufacture long lasting drill bits by casting 
relatively hard rods into matrix materials such as by casting 
tungsten carbide rods into alloys of steel. 

It is another object of the invention to provide a neW 
composition of matter comprised of tungsten carbide rods 
cast into steel to form a drill bit that is heat treated to form 
a monolithic drill bit Which, upon Wear, naturally expands 
radially in the Well producing a ?air on the bottom of the bit 
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that determines the inside of the Well and that is used to 
prevent jamming of the bit in the Well. 

It is yet another object of the invention to provide a single 
cast drill bit having tungsten carbide rods cast into steel alloy 
matrix material, feW Welds, that has relatively lateral facing 
hardened metal scrapers that progressively become exposed 
during the Wear of the bit that tend to produce a constant 
gauge hole as the bit undergoes lateral Wear. 

It is another object of the invention to provide a single cast 
drill bit having tungsten carbide rods cast into steel alloy 
matrix material, feW Welds, that possesses cavities Which 
upon Wear of the bit, open to the Well, causing lateral mud 
?oW into the Well Which in turn produce a constant gauge 
hole as the bit undergoes lateral bit Wear. 

It is also another object of the invention to provide a 
monolithic self-sharpening, long lasting, rotary drill bit 
having longitudinal compensation means to compensate for 
the longitudinal Wear of the drill bit during drilling opera 
tions. 
And it is another object of the invention to provide a 

monolithic rotary drill bit having lateral compensation 
means to compensate for the lateral Wear of the drill bit to 
provide a bit capable of drilling relatively constant gauge 
holes during drilling operations. 

It is further an object of the invention to provide an article 
of manufacture that is a long lasting rotary drill bit for 
drilling a hole into variable hardness geological formations 
that has at least one self-actuating compensation mechanism 
triggered by bit Wear that is responsive to the hardness of the 
geological formation to minimiZe the time necessary to drill 
a borehole using rotary drilling techniques typically used in 
the oil and gas drilling industries. 

It is yet another object of the invention to provide a long 
lasting rotary drill bit for drilling a hole into variable 
hardness geological formations that has a compensating 
mechanism controllable from the surface of the earth to 
change the mechanical con?guration of the bit in the Well to 
minimiZe the time necessary to drill a borehole. 
And ?nally, it is another object of the invention to provide 

a rotary drill bit for drilling a borehole into a geological 
formation having at least one bit Weight actuated formation 
hardness compensation means Within the bit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a bottom vieW of a monolithic self sharpening 
rotary drill bit having three each Welded mechanically 
pre-stressed metal components comprised of material hav 
ing tungsten carbide rods and a hardened metal scraper 
embedded in steel. 

FIG. 2 is a side vieW of a monolithic self sharpening 
rotary drill bit having three each Welded mechanically 
pre-stressed metal components comprised of material hav 
ing tungsten carbide rods and a hardened metal scraper 
embedded in steel. 

FIG. 3 is a perspective vieW of one of the components 
comprised of material having tungsten carbide rods and a 
hardened metal scraper embedded in steel before the com 
ponent is assembled and Welded in place into the drill bit 
shoWn in FIGS. 1 and 2. 

FIG. 4 is a bottom vieW of three each of the mechanically 
pre-stressed Welded steel components during assembly that 
are held in place and Which are subjected to mechanical 
stress during the fabrication process of the drill bit shoWn in 
FIGS. 1 and 2. 

FIG. 5 is a bottom vieW of another monolithic self 
sharpening rotary drill bit that is comprised of tungsten 
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8 
carbide rods and a total of 6 hardened metal scrapers that are 
embedded into steel as one solid unit during the fabrication 
process. 

FIG. 6 is a bottom vieW of another monolithic self 
sharpening rotary drill bit that is comprised of tungsten 
carbide rods and a total of 6 hardened metal scrapers that are 
embedded into steel alloy matrix materials that has been heat 
treated and/or has composition variations in the steel alloy 
materials that produce internal lateral mechanical stresses 
Within the drill bit. 

FIG. 7 is a side vieW of another monolithic self sharpen 
ing rotary drill bit that is comprised of tungsten carbide rods, 
hardened metal scrapers, and other materials that are embed 
ded into steel alloy matrix material that provides compen 
sation for longitudinal bit Wear and compensation for lateral 
bit Wear. 

FIG. 8 is side vieW, rotated 90 degrees about the longi 
tudinal axis of the drill bit, of the vieW shoWn in FIG. 7 
Which shoWs lateral mud ?oW compensation channels. 

FIG. 9 is the bottom vieW of the drill bit corresponding to 
FIGS. 7 and 8 that shoWs various tungsten carbide rods cast 
in steel alloy matrix material, hardened metal scrapers that 
become exposed during bit Wear, and a longitudinal mud 
?oW compensation channel. 

FIG. 10 is a side vieW of another monolithic self-sharp 
ening rotary drill bit that has hardened metal scrapers 
protruding beloW the bottom of the bit that provides a 
self-actuating formation hardness compensation means 
Within said bit triggered by bit Wear that is responsive to the 
hardness of the geological formation. 

FIG. 11 is side vieW, rotated 90 degrees about the longi 
tudinal axis of the drill bit, of the vieW shown in FIG. 10 
Which shoWs additional hardened metal scrapers protruding 
beloW the bottom of the bit that provides a self-actuating 
formation hardness compensation means Within said bit 
triggered by bit Wear that is responsive to the hardness of the 
geological formation. 

FIG. 12 is the bottom vieW of the drill bit corresponding 
to FIGS. 10 and 11 that shoWs the positions of several 
hardened metal scrapers protruding beloW the bottom of the 
bit that provides a self-actuating formation hardness com 
pensation means Within said bit that is responsive to the 
hardness of the geological formation. 

FIG. 13 is a section vieW of another preferred embodi 
ment of the invention that shoWs another type of self 
actuating formation hardness compensation means Within 
said bit controlled by bit Wear that is responsive to the 
hardness of the geological formation. 

FIG. 14 is a section vieW of another preferred embodi 
ment of the invention that is a long lasting rotary drill bit for 
drilling a hole into variable hardness geological formations 
that has a compensating mechanism controllable from the 
surface of the earth to change the mechanical con?guration 
of the bit in the Well to minimiZe the time necessary to drill 
a borehole. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a bottom vieW of a preferred embodiment of the 
invention that is a monolithic self sharpening rotary drill bit 
having three each Welded mechanically pre-stressed metal 
components comprised of material having tungsten carbide 
rods and a hardened metal scraper embedded in steel. The 
assembled drill bit 2 is comprised of the ?rst, second, and 
third each separate mechanically pre-stressed metal compo 
nents labeled respectively as elements 4, 6, and 8 in FIG. 1. 
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The three each separate mechanically pre-stressed metal 
components are Welded together respectively by Welds 10, 
12, and 14. A typical tungsten carbide rod 16 (vieWed 
end-on) is embedded Within steel in metal component 4. 
Similarly, tungsten carbide rods are embedded in steel in the 
other metal components 6 and 8 that have similar shading 
shoWn in FIG. 1. A hardened metal scraper 18 is embedded 
in steel Within metal component 4; a hardened metal scraper 
20 is embedded in steel Within metal component 6; and a 
hardened metal scraper 22 is embedded in steel Within metal 
component 8. The steel alloy matrix material in Which the 
tungsten carbide rod 16 and the hardened metal scraper 18 
are embedded in metal component 4 is labeled as element 24 
in FIG. 1. The tungsten carbide rods and the hardened metal 
scrapers of metal components 6 and 8 are also similarly 
embedded into steel. A radial ?oW Watercourse is comprised 
of central hole 26 and Waterpassages 28, 30, and 32 respec 
tively in metal components 4, 6, and 8. Junk slots 34 and 36 
have been fabricated into ?rst metal component 4. Junk slots 
38 and 40 have been fabricated into second metal compo 
nent 6. Junk slots 42 and 44 have been fabricated into third 
metal component 8. 

FIG. 2 is a side vieW of the monolithic self sharpening 
rotary drill bit described in FIG. 1. Elements 6, 8, 12, 16, 20, 
22, 40, and 42 have already been de?ned above and are 
shoWn in FIG. 2 for illustrative purposes. A side vieW of 
metal component 6 is shoWn on the right-hand side of FIG. 
2. A side vieW of metal component 8 is shoWn on the 
left-hand side of FIG. 2. Metal components 6 and 8 are 
jointed With Weld 12. The leading edge of hardened metal 
scraper 20 in metal component 6 is identi?ed in FIG. 2. The 
leading edge of hardened metal scraper 22 in metal compo 
nent 8 is identi?ed in FIG. 2. Junk slot 40 in metal compo 
nent 6 and junk slot 42 in metal component 8 are identi?ed 
in FIG. 2. The bottom of tungsten carbide rod 16 is shoWn 
emerging from the bottom of the drill bit in FIG. 2 that is 
darkly shaded in that ?gure. Bit shank 45 (also called the 
“pin”) has the usual mechanical threads appropriate to be 
screWed into the drill collar (please refer to the section 
entitled “Tool Joints” beginning on page 9 of the book 
entitled “The Drill Stem”, Unit 1, Lesson 3, of the “Rotary 
Drilling Series”, Second Edition, published by the Petro 
leum Extension Service, Division of Continuing Education, 
The University of Texas at Austin, Austin, Tex., hereinafter 
de?ned as “Ref. 2”, and an entire copy of “Ref. 2” is 
included herein by reference). For the application herein, the 
Glossary of Ref. 2 de?nes several terms as folloWs. The 
“drill collar” is “a heavy, thick-Walled tube, usually steel, 
used betWeen the drill pipe and the bit in the drill 
stem . . . ” The “drill stem” is comprised of “all members in 

the assembly used for drilling by the rotary method from the 
sWivel to the bit, including the kelly, drill pipe and tool 
joints, drill collars, stabiliZers and various specialty items.” 
The “drill string” is “the column, or string, or drill pipe With 
attached tool joints that transmits ?uid and rotational poWer 
from the kelly to the drill collars and bit.” Bit shank 45 and 
bit shank support 46 are manufactured from one piece of 
steel. The bottom portion of the bit shank support 46 is 
Welded to the top portions of metal components 4, 6, and 8 
by Weld 48. After Welds 48, 12, 14, and 16 have been 
completed, the drill bit is then in one-piece, or is a “mono 
lithic drill bit”. The construction of the bit as de?ned in 
FIGS. 1 and 2 results in a “?ared” or “bell shaped” bottom 
of the bit in the region labeled as element 50 in FIG. 2. 

In FIG. 2, the bottom of Weld 12 is labeled as element 52. 
As the bit Wears due to the abrasiveness of the rock and 
under the in?uence of the erosion of the drilling mud, the 
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10 
position of Weld 52 moves vertically upWard in the drill bit 
from the bottom of the drill bit by the distance labeled With 
legend “X” in FIG. 2. (Here, the “bottom of the drill bit” 
means the hypothetical plane that “best ?ts” the “average 
position” of the tungsten carbide rods and steel emerging 
from the bottom of the bit, Which may or may not be planar.) 
The distance from the bottom of Weld 48 to the bottom of the 
drill bit is identi?ed by the legend Z in FIG. 2. When the drill 
bit is neW, the distance Z=L, Where L is the original length 
of the neW drill bit. Therefore, Z is the usable length of the 
drill bit remaining after longitudinal Wear. FIG. 2 shoWs the 
extreme ?ared position of hardened metal scraper 20 at the 
bottom of the drill bit and that extreme position is labeled as 
element 54. FIG. 2 shoWs the extreme ?ared position of 
hardened metal scraper 22 at the bottom of the drill bit and 
that extreme position is labeled element 56. The Width 
betWeen the extreme positions 54 and 56 is labeled With 
legend W1 that establishes one limitation on the minimum 
inside diameter of the hole. The Width betWeen hardened 
metal scrapers 20 and 22 in a standard, non-?ared, portion 
of the drill bit is labeled With legend W2 in FIG. 2. The 
inside diameter of the hole is only indirectly related to the 
dimensions W1 and W2. A geometric parameter better 
related to the dimensions of the hole to be drilled is the 
vector radius that points to the outer portion of the drill bit 
at a given aZimuthal direction With respect to the axis of the 
drill bit, and that radius is labeled With legend T in FIG. 2. 
The “magnitude of that vector radius T” is the distance in 
any one chosen direction from the center of the drill bit to 
the outer edge of the drill bit in that particular chosen 
direction. Various radii may be measured in different aZi 
muthal directions such as T1, T2, T3, etc. Those radii are 
measured at a distance from the bottom of Weld 48 and that 
distance is labeled With legend Y in FIG. 2. Different 
particular positions of Y may be speci?ed respectively 
identi?ed as Y1, Y2, Y3, etc. 

In FIG. 2, the position of the Watercourse through the 
interior of the drill bit is ?guratively identi?ed by dashed 
line 58. Various different tungsten carbide rods 60, 62, and 
64 are shoWn protruding beloW the steel alloy matrix of the 
tool bit that are shaded solid for clarity. The positions of the 
steel alloy matrix material betWeen the three previously 
identi?ed tungsten carbide rods are labeled respectively as 
elements 66 and 68 in FIG. 2. 

FIG. 3 is a perspective vieW of metal component 6 before 
Weldment into the drill bit shoWn in FIGS. 1 and 2. Junk 
slots 38 and 40 are shoWn at several positions on metal 
component 6 for illustrative purposes. Watercourse passage 
30 is repetitively shoWn at several positions along metal 
component 6 for illustrative purposes. Hardened metal 
scraper 20 is identi?ed in FIG. 3. A tungsten carbide rod 70 
is identi?ed that is located Within the steel alloy matrix 72 
of metal component 6. Metal component 6 is fabricated 
having an arc shape using various possible processes. The 
arc shaped component 6 and the orientation of the arc is 
speci?ed by the radius identi?ed in FIG. 3 With the legend 
“R”. The radius R is contained in the hypothetical geometric 
plane having the Watercourse passage 30 and the line along 
the tip of the hardened metal scraper 20, Where that line is 
identi?ed as element 74 in FIG. 3. The arc shaped compo 
nent 6 can be directly cast in this form. Alternatively, 
component 6 can be cast having an initially straight form, 
Which can thereafter be bent under stress into the desired arc 
shape. Numerous other fabrication techniques can produce 
metal component 6 With the suitable arc shape shoWn in 
FIG. 3. 


















